In this study, 15 microsatellite DNA loci used in comparative tests by the International Society for Animal Genetics were applied to the evaluation of genetic diversity and management, and the efficiency of paternity testing in Marajoara horses and Puruca ponies from the Marajó Archipelago. Based on the genotyping of 93 animals, mean allelic diversity was estimated as 9.14 and 7.00 for the Marajoara and Puruca breeds, respectively. While these values are similar to those recorded in most European breeds, mean levels of heterozygosity were much lower (Marajoara 49%, Puruca 40%), probably as a result of high levels of inbreeding in the Marajó populations. The mean informative polymorphic content of this 15-marker system was over 50% in both breeds, and was slightly higher in the Marajoara horses. The discriminative power and exclusion probabilities derived from this system were over 99% for both populations, emphasizing the efficacy of these markers for paternity testing and genetic management in the two breeds.
The various breeds of horses currently found in Brazil are the result of crosses between European and Arab breeds, which have prospered under specific local conditions (Colbert, 1980; Torres and Jardim, 1985) . A prime example from the northern part of the country is the Marajoara breed, derived from Portuguese stock from Cabo Verde, which was introduced into the Marajó archipelago at the beginning of the eighteenth century. These horses have adapted well to the flat, low-lying terrain of the archipelago, aquiring a number of morphological adaptations, such as rounded hooves and modifications of the muscles of the thighs, rump, and back related to trotting in flooded marshland, which is typical of the Marajó region.
A second example is the Puruca breed of pony, derived from nine Shetland ponies imported from France at the end of the nineteenth century. These animals were crossed with Marajoara horses, and proliferated due to their high fecundity and morphological adaptations similar to those of the Marajoaras, related to locomotion in the marshy local conditions. These adaptive changes in the characteristics of the two breeds have had important economic implications for ranching activities on the archipelago, where they are used extensively for herding both cattle and buffalo.
The creation of the Marajoara and Puruca breeds in northern Brazil is a classic case of artificial selection, based solely on the preferential crossing of animals which best represented the desired characteristics. However, in the last decades, many animals from both breeds have been deprived of many of their characteristics due to crossings with other breeds introduced in the Marajó Archipelago, leading to a decrease in the number of individuals with complete features. The lack of a conservation program increases this problem, threatening the future of these local breeds. Recent advances in molecular biology have produced considerable advances in the potential for the improvement of domestic animals. This type of intervention nevertheless depends on knowledge of the structure and organization of the genetic variation available in each of the breeds to be improved (Oliveira and Kuabara, 2001 ).
In the last fifteen years, the development of new analytic tools has brought about major advances in population studies. Of these tools, DNA microsatellite markers have proven to be extremely useful for the elucidation of the population structure of a wide variety of species of plants and animals. They have been used for the evaluation of genetic structure in horses, as well as for paternity testing and Genetics and Molecular Biology, 31, 1, 68-72 (2008) Copyright by the Brazilian Society of Genetics. Printed in Brazil www.sbg.org.br the establishment of phylogenetic relationships among different breeds (Bjørnstad et al., 2000) .
In 1993, the Food and Agricultural Organization (FAO) of the United Nations proposed the establishment of a worldwide program for the maintenance of genetic resources, using microsatellite markers for the characterization of various breeds of domestic animals (Barker et al, 1993) . Since then, a range of studies have characterized the genetic variability of a number of breeds of horse (Bjørnstad et al., 2000; Cañon et al., 2000; Tosaki et al., 2003; Achmann et al., 2004) .
Many of these studies have used the panel of markers recommended by the International Society for Animal Genetics (ISAG) for the genealogical control of domestic species. Given this, the present study applies these markers to the study of the genetic variability of two Brazilian equine breeds -Marajoara and Puruca -and evaluates the applicability of this panel to genealogical control in each breed. These goals are important due to the narrow relationship between the breeds and the importance of these equines to the society of the Marajó archipelago.
A total of 93 individuals representing the two equine breeds were analyzed. Blood samples were collected from 61 Marajoara horses and 32 Puruca ponies on the Camburupy Ranch on Marajó archipelago. Care was taken to sample individuals that were not closely related. Total DNA was extracted from 1 to 3 mL of blood from each animal, following Sambrook et al.'s (1989) standard procedure of digestion by K proteinase, separation with phenolchloroform, and precipitation with ethanol. The samples are part of the DNA bank of the DNA Polymorphism Laboratory of the Department of Genetics at UFPA, Belém, Brazil.
The 15 microsatellite markers (Table 1) were developed specifically for Equus caballus, and were chosen here because of their widespread use in the genealogical control of equines by the ISAG, due to their normally high levels of heterzygosity, large numbers of alleles, and relatively consistent amplification. The 15 microsatellites were amplified in multiplex protocols (two or three loci amplified in conjunction) in seven separate polymerase chain reactions. Each reaction had a final volume of 20 μL, containing 150 ng of the sample DNA, 20 mM Tris-HCl (pH 8,4), 50 mM KCl, 0.75-1.25 mM MgCl 2 , 375 μM dNTP, 1U Taq-DNA Polymerase (Invitrogen, Carlsbad, CA, USA.), 0.05-0.3 pmol of Cy5-labeled forward primers and unlabeled reverse primers, and 2.5% of formamide (Sigma-Aldrich, St. Louis, MO, USA). Amplifications were carried out in a PTC-2000 (MJ Research, Reno, NV, USA) thermocycler with the following touchdown cycle program: 3 min at 96°C for initial denaturation; 10 cycles of 45 s at 94°C for denaturation, 45 s at temperatures varying between 62°C and 57°C (decreasing by 0.5°C at each cycle) for annealing of the primers and 45 s at 72°C for extension; 21 to 31 cycles of 45 s at 90°C for denaturation, 45 s at 54, 56 or 58°C for annealing and 45 s at 72°C for extension, and 5 min at 72°C for final extension.
The amplified fragments were separated by vertical electrophoresis in 8% polyacrylamide gel and detected using an AlfExpress II automated laser fluorescent DNA sequencer (GE Healthcare, Chalfont St. Giles, UK). The different Cy5-labeled fragments and their respective molecular weights were identified using the Allelelocator program, version 1.03 (GE Healthcare). Fragments of known size by sequencing were used for calibration of the genotyping results.
In order to measure genetic variability in each population, a number of parameters were computed for each locus: number of alleles (A), effective number of alleles (ne), observed heterozygosity (Ho) and expected heterozygosity (He) according to Hardy-Weinberg equilibrium (HWE). Mean values (± standard deviation) were also calculated for the system as a whole, using the Popgene32 program (Yeh et al., 1997) . To test the significance of deviations from HWE at each locus, a Markov chain analysis (100 batches of 1000 iterations, with a 1000-step dememorization process) was used to calculate unbiased estimates of exact probabilities (P values). This exact test was run in the Genepop program, version 3.1 (Raymond and Roussett, 1995) .
Polymorphic information content (PIC), which permits evaluation of the contribution of each locus to the analysis of segregation (Botstein et al., 1980) , and power of discrimination (PD), which is an index of the probability of correctly identifying a randomly selected individual (Jones, 1972; Brenner and Morris, 1990) , were calculated using the Reis et al. 69 et al. (1996) ASB17 (7) 92-124 2 Breen et al. (1997) ASB23 (7) 148-176 3 Irvin et al. (1998) PowerStats V1.2 (Promega) spreadsheet in Excel 2003 (Microsoft Corporation). Probability of parentage exclusion, which estimates the chance of excluding an individual selected at random from a population from possible paternity, were calculated using two formulas: (a) when the genotypes of a mother, her offspring, and a putative sire are compared, PE1 (Jamieson, 1994) , and (b) when one parental genotype is unavailable, PE2 (Jamieson and Taylor, 1997, based on Garber and Morris, 1983) . The locusspecific values of PD, PE1, and PE2 were combined for each population using the formula p = 1-(1-P 1 )(1-P 2 )(1-P 3 ) (1-P k ), for k loci. The number of alleles recorded per locus varied between 6 and 15 in the Marajoara, and between 3 and 10 in the Puruca. The difference between the two breeds appears to be due to sample size, although the mean number of alleles per locus -9.1 and 7.0, respectively -were similar to those recorded for other horse breeds. Mean values of approximately seven alleles per locus have been recorded for a number of equine populations, including seven populations of Lipizzaner, which is common in southeastern Europe (Achmann et al., 2004) , four horse breeds native to the Basque country (Solis et al., 2005) and four populations of domestic ass (Equus asinus), one from Catalonia (Jordana et al., 2001 ) and three from Croatia (Ivankovic et al., 2002) . Values similar to our recorded here for the Marajoara breed were found in four Norwegian (Bjørnstad et al., 2000) six German (Aberle et al., 2004) , and seven Celtic Spanish horse breeds (Cañon et al., 2000) .
Heterozygosity per locus varied from 11 to 85% in the Marajoara, and from 0 to 61% in the Puruca breeds, with mean values of 49% and 40%, respectively (Table 2) . These values are considerably lower than those observed in European horses and asses, for which mean heterozygosity ranges from 60% to 66% (see Ivankovic et al., 2002; Cunningham et al., 2001; Jordana et al., 2001; Aberle et al., 2004; Achmann et al., 2004) .
As a parameter, the allele number is more sensitive to the loss of genetic variability than heterozygosity. In this case, the more similar allele numbers recorded here in comparison with European breeds, together with their reduced heterozygosity, suggests that the two Brazilian breeds have not lost many of their original alleles, but have suffered a loss of heterozygosity due to increased inbreeding. This conclusion is supported by the lack of Hardy-Weinberg equilibrium observed in the combined analysis of all loci in both populations, where the majority of loci present a significant deficit of heterozygotes (p < 0.05). Inbreeding is common practice in many domestic animals (Oliveira and Kuabara, 2001 ), but it is especially intense in populations with reduced effective size, as is the case here, with regard to both Marajoara and Puruca populations. Jordana et al. (2001) and Ivankovic et al. (2002) also observed Hardy-Weinberg disequilibrium in their study populations. The Catalonian breed analyzed by Jordana et al. (2001) is known to have a restricted distribution and a population of more or less 100 individuals. Similarly, the Croatian breed studied by Ivankovic et al. (2002) is threatened with extinction, and also has a reduced number of individuals. By contrast, the populations studied by Achmann et al. (2004) , Cunningham et al. (2001) and Aberle et al. (2004) were all in Hardy-Weinberg equilibrium, although the breeds studied in these cases are all amply distributed and presumably have populations of large effective size, as is the case of the Lipizzaner in particular (Achmann et al., 2004) .
The PIC values recorded per locus varied between 24% and 88% for the Marajoara horses, and between 22% and 86% for the Puruca ponies, with means of 72% and 66%, respectively (Table 2) . These values reflect the slightly greater genetic variation in the Marajoara breed, which is probably a result of the difference in the effective size of the original populations introduced into the Marajó archipelago. According to Botstein (1980) , values below 50% can be considered uninformative, although in the present case, this only applies to locus VHL20, with values of 24% and 22% in the Marajoara and Puruca samples, respectively.
Power of discrimination values for each locus varied between 30% and 96% in the Marajoara, and 23% and 92% in the Puruca breeds. Values of PE1 -the index most used for paternity testing -varied between 14% and 78% in the Marajoara horses, and 12% and 72% in the Puruca ponies. The values of PE2 were slightly lower, varying between 3% and 64% in the Marajoara, and 3% and 55% in the Puruca samples. Once again, the VHL20 locus returned the lowest values for all three parameters. The PD value for the system as a whole was above 99.99% for both breeds. 70 Genetic variability in Amazonian horses The combined PE1 value (CPE1) obtained for both populations was also above 99.99%, but was slightly lower in the case of CPE2, in which case the values were 99.96% and 99.74%, respectively, for the Marajoara and Puruca breeds (Table 2) . These values for discrimination and exclusion of individuals demonstrate the efficiency of the loci analyzed in this study for genealogical control, and the genetic management of the two breeds. Jordana et al. (2001) recorded a mean PIC equal to the value recorded here for the Puruca breed, although a slightly lower value for CPE1 (99.93%) than either recorded here. Ivankovic et al. (2002) also recorded slightly lower mean values for PIC (61%) and CPE1 (99.1%) than the present study.
However, CPE values are directly related to the number of loci analyzed, so these differences are consistent with the fact that the study of Jordana et al. (2001) included ten loci, and that of Ivankovic et al. (2002) , only six. Using twelve loci, Solis et al. (2005) , recorded values of CPE1 and CPE2 much closer to those observed in the present study.
Given the exceptionally low PIC value recorded for the VHL20 locus, the parameters were recalculated omitting this locus, although this only affected the mean values of PIC and CPE2. The PIC values increased from 72% and 66% to 76% and 70%, respectively, in the Marajoara and Puruca breeds, whereas the CPE2 values decreased from 99.96% and 99.74%, respectively, to 99.95% and 99.73%. This indicates that, despite the fact that VHL20 is relatively uninformative in general, it may be relatively useful for paternity testing when parental genotypes are unknown.
When compared with our data from other Brazilian breeds, using the same markers, the values of the Marajó breeds were very similar (Table 2) , only the number of alleles from Mangalarga Marchador being lower than others (4.8). Cunningham et al (2001) , however, found a mean value of 4.7 alleles for the Thoroughbred breed, which close to this value. The majority of populations of the Brazilian breeds have reduced effective sizes or reduced founder populations. Mangalarga Marchador originated from few individuals of one major founder breed (Alter), while Quarto de Milha originated from a few North American horses introduced only fifty years ago. These data explain the similarity of the values among all breeds.
In conclusion, while the genetic diversity of the Marajoara horses was slightly greater than that recorded for the Puruca ponies, the levels observed in both breeds were similar to those encountered in a variety of European equine breeds. However, this is not the case for heterozygosity, which was inferior to that of European breeds in both Brazilian breeds. We interpret this as being the result of relatively high levels of inbreeding typically practiced in domestic animals, as well as -in the specific case of the Marajoara and Puruca -founder populations of relatively reduced size. The standardized system of molecular markers used in the present study was found to be highly efficient for the geneaological control and genetic and conservation management of Marajoara horses and Puruca ponies, given the discrimination and exclusion values of over 99.99%.
